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ABSTRACT 
CYCLIC PATTERNS OF CENTRAL FLORIDA SOOTY MOLD FUNGI 
By 
Bob R. Pohlad 
iv 
This study was conducted to record seasonal variations in the 
epiphyllous sooty mold colonies found on citrus leaves in two central 
Florida citrus g·oves, to determine basic patterns of fungal growth 
thro ghout the year and to deter1nine whether these general patterns 
a .e correlated with regional climatological data. 
The results indicated general seasonal variations in the repro-
ductiv units of five of the fungi from the colony. In the study, 
correlations were seen between the two Ascomycetes, Treubiomy~es 
pulcherrimus and Trichomeri m didymopanacis. They were found fruit-
ing most abundantly during the winter ard spring. Reproductive 
unit~ of two aoexual sooty mold species (Podoxyphium citricolum and 
Tripospennum roupalae) were found in greater abundance during the 
summer. A third fungus, Pithomyces atro-olivaceous, was found with 
high numbers of reproductive units during the winter and it is 
suggested that this species is a transient of the sooty mold colony. 
No reasons for the cycling of the sooty mold colony were clearly 
defined. The resence of biological similarities between the fungal 
Figure 
11. 95% conf ·_caeftCe limits on the means of the reproductive 
units for Tripospermum roupalae in the Tavares 
ix 
Page 
grove sample site 40 
12. 95% confidence limits on the means of the reproductive 
units for Tripospermum roupalae in the Phillips 
grove sample site 42 
13. Comparison of monthly mean reproductive units of Pith-
omyces atro-olivaceous from citrus leaves in two central 
Florida citrus groves . 45 
14. 95% confidence limits on the means of the reproductive 
units for Pithomyces atro-olivaceous in the Tavares 
grove sample site 48 
15. 95% confidence limits on the means of the reproductive 
units for Pithomyces atro-olivaceous in the Phillips 
grove sample site 50 
16. Monthly mean temperature from aU. S. weather station 
located near the Tavares grove sample site which re-
presents typical temperature for both of the areas 
sampled . 54 
17. Total inches of rainfall per month for 1971-72 from the 
Tavares grove site (Lisbon sample station) and the 
Phillips grove site (Orlando sample station) as taken 
from the U. S. Dept. of Conunerce weather data publi-
cation (1972) 56 
18. Total number of days of rainfall per month for 1971-72 
from the Tavares grove sample site (Lisbon sample 
station) and the Phillips grove site (Orlando sample 
station) as taken from the U. S. Dept. of Commerce 
weather data publication (1972) . 58 
cycle and the climatological data and insect cycles observed in the 
field may contribute to sooty mold colony seasonal variations. 
v 
vi 
TABLE OF CONTENTS 
Page 
LIST OF TABLES . vii 
LIST OF FIGURES .viii 
INTRODUCTION . 1 
MATERIALS &~D METHODS 5 
RESULTS 8 
DISCUSSION 60 
LITERATURE CITED . 68 
vii 
LIST OF TABLES 
Table Page 
1. Comparison of monthly mean reproductive units of Treub-
iornyces pulcherrimus represented in sooty mold colo-
nies on citrus leaves in two central Florida citr 11 
groves 
2. Comparison of monthly mean reproductive units of Tr i~ho ­
merium didymopanacis represented in sooty mold colonies 
9 
on citrus leaves in two central Florida citrus groves. 18 
3. Comparison of monthly mean reproductive units of Podo-
xyphium citricolum represented in sooty mold colonies 
on citrus leaves in two central Florida citrus groves. 27 
4. Comparison of monthly mean reproductive units of Tripo-
spermum roupalae represented in sooty mold colonies 
on citrus leaves in tHo central Florida citrus groves. 35 
5. Comparison of monthly mean reproductive units of Pith-
omyces atro-olivaceous represented in sooty mold colo-
nies on citrus l eaves in two c entral Florida citrus 
groves 43 
LIST OF FIGURES 
Figure 
1. Comparison of monthly mean reproductive units of Treub-
iomyces pulcherrimus from citrus leaves in two central 
viii 
Page 
Florida citrus groves 11 
2. 95% confidence limits on the means of the reproductive 
units for Treubiomyces pulcherrimus in the Tavares 
grove sample site 15 
3. 95% confidence limits on the means of the reproductive 
units for Treubiomyces pulcherrimus in the Phillips 
grove sample site 17 
4. Comparison of monthly mean reproductive units of Tricho-
merium didymopanacis from citrus leaves in two central 
Florida citrus groves 20 
5. 95% confidence limits on the means of the reproductive 
units for Trichomerium did~mo:eanacis in the Tavares 
grove sample site 
6. 95% confidence limits on the means of the reproductive 
units for Triclomerium didymo12anacis in the Phillips 
grove sample site 
7. Comparison of monthly mean reproductive units of Podo-
xyphium citricolum from citrus leaves in two central 
23 
25 
Florida citrus groves 29 
8. 95% confidence limits on the means of the reproductive 
units for Podoxyphium citricolum in the Tavares 
grove sample site 32 
9. 95% confidence limits on the means of the reproductive 
units for Podoxyphium citricolum in the Phillips 
grove sample site 34 
10. Compar'son of monthly mean reproductive units of Tripo-
sp rmum roupala from citrus leaves in two central 
Florida citrus groves 37 
I. INTRODUCTION 
Black colonies of fungi known as sooty molds commonly cover 
leaves, stems and fruits of citrus trees in central Florida unless 
spray programs are employed to control their growth. These fungi 
are superficial on the surface of the citrus tree leaves. The sooty 
mold fungi occupy an environmental niche on leaves called the phyllo-
sphe~e (Last 1955; Ruinen, 1956, 1961), along with other superficial 
organisms such as lichens and mosses. In geographical regions where 
sooty molds occur, they form one of the most conspicuous elements 
of the phyllosphere flora. 
Sooty mold colonies are composed mainly of members of certain 
groups of fungi in the Ascomycetes and the Deuteromycetes. Host 
of the sooty mold Ascomycetes belong in the families Chaetothyriaceae 
and CapDodiaceae, 'tvhich are the most common and conspicuous. Most 
of the Deuteromycetes belong to the family Asbolisiaceae. 
Work by Reynolds and Pohlad (1974) suggested the presence of 
cyclic patterns of abundance among central Florida sooty mold fungi. 
Data presented in monographic work by Reynolds (197la, 197lc) also 
suggested that sooty molds erl1ibit distinct cyclic patterns of growth 
and reproduction. A t~lly of collection data recorded in other 
monogr phi. 1ork (Batista and Ciferri, 1962, 1963b) indicated the 
possibility that the sexual fruiting bodies of ascomycetous neotropical 
sooty molds were preval~nt during the drier seasons of the year 
1 
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(Reynolds, personal communication). Asexual sooty molds also appeared 
to occur seasonally (Batista and Ciferri, 1963a). 
In their exposed position on the surface of leaves, sooty molds 
should be extrem~l~sensitive to climatic factors such as precipitation; 
wind and extremes in temperature. In addition, the annual chaRges 
in environmental factors might be reflected as seasonal patterns 
of growth. A survey of the literature dealing with periodicity 
and seasonal variations in fungi indicates that many factors influence 
cyclic patterns of fungi. Studies in temperate regions on fungal 
spores in the air show marked variations or cycles in abundance 
owing to tffi~erature, rainfall, humidity and air currents (Ingold, 
1953, 1971; Kramer, Pady, Rogerson and Ouye, 1959; Kramer and 
Pady~ 1960a; Hirst and Stedman, 1963; Harvey, 1970; Hammet and 
Manner, 1971; Waggoner, 1962; Gregory, 1973). Studies of air 
spora from the tropics indicated seasonal variation correlated with 
fluctuation in climatological data (Meredith,. 1962; Cammack, 1955). 
There are conflicting opinions on the influence of climatological 
factors on sooty mold colonies on the surface of citrus leaves. 
Studies by Hirst (1959), Barkman (1958), DiMenna (1971), Van Ardsel 
(1965) and Sinha (1971), indicated a marked influence of climatological 
factors on the seasonal variation in fungi found in the phyllosphere 
of various plants. In contrast, Yarvood (1959), Stott (1971) and 
Tarr (1972) suggested climatological factors as measured near the 
tree do not dj.rectly influence fungal growth on the surface of leaves; 
hnHever, the microclimate at the surface of the leaf is very _,..iplportant .. 
The restriction of sooty molds o the plant surface raises 
questions abo t their source of nutrition. This availa ility of 
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nutrients is another important aspect which possibly affects the 
seasonal growth cycles of sooty mold fungi. Most sooty molds, includ-
ing all of the Capnodiaceae, probably obtain nutrients from honey 
dew produced by sc~le insects (Fisher, 1933; Fraser, 19 73; Batista 
and Ciferri, 1963b; Reynolds, 197lc). If the major form of nutrition 
for most members of the sooty mold colony is insect exudates, then 
fluctuations of the insect population might result in fluctuations 
of the sooty mold populations. Entomologists have recognized a 
correlation between homopteran insects and the presence of sooty 
molds on leaves (Hart and Myers, 1968). The black sooty mold growth 
on citrus trees in aerial photographs has been used as an indicator 
of insect presence (Hart and Myers, 1968; Anon., 1972). Workers 
such · a s Webber (1897) suggested direct correlations between insect 
honey dew producers and sooty mold fungi, with seasonal variations 
in both. A study by Simanton (1975) over a 16 year period showed 
direct correlation between insect honey dew producers and sooty 
mold fungi anu demonstrated seasonal variation in both. 
It has been suggested that the source of nutrients for many 
microorganisms present in the phyllosphere is from leaf leachates 
(Pugh and Buckley, 1971; Blakeman, 1971; Sherwood and Carroll, 
1974). Some members of the sooty mold colony, particularly the 
Chaetothyriaceae, which do not appear to be consistently associated 
with these insects, probably derive nutrients from leaf leachates. 
Seasonal variatio1s have also been reported in leachate availability 
(Tukey, 1971, Blakeman, 1971) . 
Tle sooty mold colony from citrus in central Florida provides 
an ideal situation for the tudy of s easonal variation among phyl-
losphere fungi. Colonies are easily accessible and climate and 
insect spray programs are known. Information available concerning 
the taxonomy and distribution of the fungi that make up the sooty 
mold colony also ~a§e this population ideal for correlative studies 
because of ease of obtaining information from past literature. 
My study 'tvas made to record seasonal variations in the epiphyllous 
sooty mold colonies, to determine basic patterns of fungal growth 
throughout the year and to determine whether these general patterns 
are correlated with regional climatological data. 
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I I. MATERIALS AND METHODS 
Two Central Florida citrus groves were chosen for regular monthly 
sampling of sooty mold fungi. The first grove selected for this 
study was located in Tavares, Florida, and the second was located 
in Christmas, Florida (Phillips grove). The groves were chosen 
during periods of heavy sooty mold growth. Neither grove had been 
sprayed for insects in a number of years and both were assumed to 
be gro'tving with a stable complement of fungi. In each grove, ten 
trees were tagged and routinely sampled. Samples cons is ted of t\.J"O 
leaves of the most representative gro\vth taken at breast height 
and at one-foot intervals from the interior of the tree to the edge 
of the canopy. Samples were placed in paper bags, labeled and taken 
into the laboratory to be dried in a standard plant dryer. 
Sooty mold colonies were taken from the surface of the citrus 
leaf for examination under a light microscope. The colony was man-
ually removed as a strip, one millimeter wide, from the midrib of 
the leaf to the edge or until a 1 ngth of 10 millimeters was reached. 
It was removed e1.ther by lifting the loose mycelium from the surface 
of the leaf with a pair of forceps or by coating the leaf with a 
layer of clear fingernail polish and removing this dried material 
in the same nanner as the loose mycelial mats. One slide for each 
sample was made using lactophenol as a fixative and mounting medium. 
Each slide was ringed with clear fingernail pol·sh to make it semi-
S 
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permanent and numbered. The slides were observed within a month 
after preparation. Slides were surveyed to determine the major 
fungal components of the sooty mold colonies, and counts of reproduc-
tive bodies of ~ive-species representing the major forms of fungi 
present were made. The major growth forms of fungi included sexual 
fruit bodies (ascocarps), free formed conidia and pycnidia (forming 
conidia enclosed within them). 
Of the five fungi chosen to represent the sooty mold colony, 
two were Ascomycetes and three were Fungi Imperfecti. Of the Ascomy-
cetes, Treubiomyces pulcherrimus Hoehn. represented the Chaetothyria-
ceae; Trichomerium didymopanacis Bat. & Cif. represented the Capnodia-
ceae. No conidial state was found for either of these Ascomycetes 
and the reproductive units recorded were based on counts of ascocarps, 
which represented the sexual state. Among the Fungi Imperfecti, 
in which only the asexual state was knovJ'n, one species, Podoxyphium 
citricolum Bat., Vital & Cif., was a Coelomycete producing conidia 
in pycnidia. Counts were made of pycnidia. The other two species, 
Tripospermum roupalae (Syd.) Hughes and Pithomyces atro-olivaceous 
(Cooke & Harkness) Ellis, ~.;ere Hyphomycetes bearing conidia on separate 
mycelial structures called conidiophores. For these fungi the repro-
ductive units counted were individual conidia. 
Spore and fruit body counts were made by visually determining 
the numbers of reproductive units present in the field of a Zeiss 
research compound microscope equipped with a lOX eyepiece and a 
40X objective. The reproductive units were counted from five randomly 
selected fields on each of the mycelial strips. 
Numerical dat were uunch d on computer cards and routine sta-
tistics calculated by computer. Standard errors, confidence limits 
and t-tests were tabulated on a Monroe programable calculator. 
The .05 level of significance was used throughout for determination -
of statistical s~gnificance. 
Total means for each grove by month were plotted on graphs. 
Linear correlations were attempted between mean tnonthly reproductive 
unit data for each of the five fungi and climatological data includ-
ing mean monthly precipitation, total number of days of rainfall, 
average temperature, mean maximum temperature, mean minimum tempera-
ture and humidity obtained from U. S. weather observation stations 
maintained by the U. S. Department of Commerce, National Oceanic 
and Atmospheric Administration (1972) near the sample sites. These 
stations were at Lisbon, Florida, near the Tavares grove site, and 
at Orlando, Florida, near the Phillips site. 
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III. RESULTS 
The results of this study indicate general seasonal variations 
in the reproductive units of the fungi studied. Of the five represent-
ative fungi of the sooty mold colony chosen for this study there 
appeared to be correlations between the two Ascomycetes and between 
two of the Fungi Imperfecti. The Ascomycetes, Treubiomyces 
pulcherrimus and Trichomerium didymopanacis were found fruiting 
most abundantly during the winter and spring of the year in both 
of the groves sampled . Reproductive units of both Podoxyphium 
citricolum and Tripospe rmum roupalae ) representatives of the Fungi 
Imperfecti, were found in lower quantities during the winter and 
spring months but were abundant during the summer months in the 
Tavares grove. Samples from the Phillips grove for these fungi, how-
ever, were low in reproductive unit numbers during the summer months. 
The imperfect fungus Pithomyces atro-olivaceous appeared to have 
low numbers of reproductive units in both groves during the summer 
months. 
Treub i omyce s pulcherrimus.--According to the t-test on the 
mean reproductive units for Treubiomyces pulche rrimus, there was 
no significant difference between the Tavares and Phillips grove 
sample sit s for any of the months sampled (Table 1). Figure 1 
represents the mean number of reproductive units by month in both 
8 
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TABLE 1. A comparison of monthly mean reproductive units of 
Treubiomyces pulcherrimus represented in sooty mold colonies on citrus 
leaves in two Central Florida citrus groves. 
Sampling sites 
Tavares Phillips 
Standard Sample Standard Sample 't' 
Month Mean deviation size Mean deviation size Testa 
Jan 0.540 +2.369 51 0.478 +1.150 46 0.2249 
Feb 0.422 +0.839 45 0.915 +2.195 47 -1.1993 
Mar 0.950 +1.811 40 0.783 +3. 0~. 7 ~-6 0.2570 
Apr 1.366 +4.200 41 0.525 +1.086 40 0.6950 
May 0.491 +1.965 57 0.000 +0.000 50 1.8801 
Jun 0.245 +0.648 53 0.755 +2.586 49 -1.0565 
Jul 0.000 +0.000 50 o.ooo · +0.000 39 0.0000 
Aug 0.120 +0.480 50 0.045 +0.302 44 0.9074 
Sep 0.000 +0.000 48 
Oct 
Nov 0.281 0.826 52 0.121 " +0.485 33 1.6598 
Dec 0.000 +0.000 35 0.020 +0.143 49 2.1354 
a Student's t distribution of mean between sites and within months. 
Figure 1 
A comparison of monthly mean reproductive units of Treubiomyces 
pulcherrimus from citrus leaves in two Central Florida citrus groves. 
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the Tavares and Phillips grove for this fungus. In the Tavares 
grove the maximum mean reproductive unit count was found during 
April. Following a slight drop in mean reproductive units from 
January to February _t_he mean of the reproductive units doubled 
by March and tripled by the peak month of April. Following 
April the numbers from the Tavares grove were noticeably less. 
May samples were one-third the mean of the April samples, or ap-
proximately equal to those obtained during February. The mean 
12 
number of reproductive units continued to drop in June and was almost 
zero by July. Mean reproductive unit counts remained almost zero 
for August and September. Even though mean numbers of reproductive 
units rose some in November, they were again approximately zero for 
December. 
In the Phillips grove the mean number of reproductive units of 
Treubiomyces pulcherrirnus for January was comparable to those 
found in the January sample for Tavares. In this grove however, 
there was nearly a doubling of the mean reproductive unit number 
in February from January. Instead of increasing until April, as 
in the Tavares grove, the numbers of reproductive units in the 
Phillips grove declined after February. The mean reproduc~ive 
unit count for March. was slightly more than three-quarters of . 
that for February and dropped to one-half by April. In May no 
reproductive units wer observed. After a rise in June of three-
fourths the number of reproductive units of the peak in February, 
samples for th_ Phillips rove again dropped to zero for July 
and August. Counts w_re also z ro for the months of November and 
De .mber. 
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With the exception of a rise during the month of June in the 
Phillips grove, which according to the t-test was not significantly 
different than the Tavares sample, there appeared to be a general 
trend which was comm~n for Treubiornyces pulcherrimus. There appeared 
to be a large number of reproductive units during the late winter 
and early spring months in both groves sampled for this fungus. 
Low numbers of reproductive units were found during the late summer 
and fall periods of the year. In Figures 2 and 3 however, 95% confi-
dence limits on the means do not show any statistically signif~cant 
difference bet,v-een months. 
Trichomeri m didymopanacis.--Mean reproductive units for the 
second fungus, Trichomerium .didymopanacis, were significantly 
different in the two groves during May, June, August and November 
(Table 2). Represented in Figure 4 are the mean reproductive units 
for Trichomerium didymopanacis for both the Tavares and Phillips 
sample si.tes. The maximum number of reproductive u~its for this 
fungus in the Tavares grove was found in February. Samples taken 
in January \vere also higher than any of the other months sampled 
except for February. Following the February sample date in 
Tavares, the mean reproductive units number dropped to almost one-
sixth that of the February mean. A small rise in the mean of the 
reproductive unite was apparent in April, followed by a gradual drop 
in numbers until July. In August there ~vas again a slight increase 
in the mean of the reproductive units, but a drop in September to near 
95% confidence limits on the means of the reproductive units for 
Treubiomyces pulcherrimus in the Tavares grove sample site. 
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Figure 3 
95% confidence limits on the means of the reproductive units for 
Treubiomyces pulcherrimus in the Phillips grove sample site. 
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leaves in two Central Florida citrus groves • 
.-p·-
Sampling sites 
Tavares Phillips 
Standard Sample Standard 
Month He an deviation size l-1ean deviation 
Jan 1.039 +2.280 51 1.109 +1.595 
Feb 1.156 +1.758 45 0.702 +1.140 .. 
Mar 0.175 +0.594 40 0.217 +0.664 
Apr 0.390 +0.802 41 0.675 ' +1.163 
May 0.316 +0.631 57 0.000 +0.000 5 
Jun 0.226 +0.697 53 0.122 ' +0.600 
Jul 0.160 +0.370 50 0.026 ' +0.160 
Aug 0.240 +0.591 50 0.045 +0.302 4 .. 
Sep 0.021 +0.144 48 
Oct 
Nov 0.860 +1.303 52 0.091 +0.292 .. 
Dec 0.400 +0.604 35 Oo918 +1.222 .. 
. . . 0 • ••• • • • 
a Student's t di s tribution of means between site .. 
* significant difference at 0.05. 
Figure 4 
A comparison of monthly mean reproductive units of Trichomerium 
didymopanacis from citrus leaves in two Central Florida citrus groves. 
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zero. Mean reproductive unit numbers for November in the Tavares 
grove were high with values almost three-fourths of those found 
during the previous peak months of January and February. December 
counts were down ~o . one half of those found during November. 
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Samples taken from the Phillips grove appeared similar to those 
for the Tavares grove, however, the maximum reproductive unit count 
occurred in January. By February the mean reproductive unit count 
had decreased to approximately one-sixth of the January count. 
As in the Tavares grove, the means of the reproductive units in-
creased during April to the February level. During May the mean 
of the reproductive units was low and remained fairly low through 
June, July and August. Follo\ving a lotv mean for November, the 
samples from the Phillips grove in December were again high with 
about four-fifths the amount found during the peak in January. 
As \vas the case for Treubiomyces pulcherrimus, a general 
population trend was apparent for Trichomerium didymopanacis in 
each grove. With the exception of December in the Phillips grove, 
both groves appeared to have high means of reproductive units during 
the winter months with lo\vs occurring during the late spring, summer 
and early fall. Figures 5 and 6 showing the 95% confidence limits 
of the means for both of the groves do not, however, indicate any 
statistically sigiificant difference between any of the counts of 
months for either grove sampled. 
Podo ~J2h:i.um citr colum~--The third fungus studied tvas Podoh.yphium 
Figure 5 
95% confidence limits on the means of the reproductive units for 
Trichomerium didymopanacis in the Tavares grove sample site. 
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Figure 6 
95% confidence limits on the means of the reproductive units for· 
Trichornerium didymopanacis in the Phillips grove sample site. 
25 
~ 
1 I I I ,_ 
I ."" 
~ I 
-I ·~ z 
- · 
~ .. 
~ 
- 0 
~ 
- (/) 
1- l ~ w 
f- H 
f- I 
-I w 
1- < 
1- l -J ·u-
f ...... 
.. I 
""' 
~ •• -. 
I v r 
.... 
I 
-
I I . I J 
.,..,., 
WN\ 
SliNn 3AilJnaOUd3U ~0 SNV3H NO SliWI1 3JN3GidNOJ %~6 
citricolum. Podoxyphium, unlike the previously studied ascigerous 
fungi, is an asexual fungus producing conidia in pycnidia. Figure 
7 represents the mean number of reproductive units found for each 
grove from the samp~~~- of citrus leaves taken. 
In the Tavares grove, sampling of Podoxyphium citricolum 
shows two periods of large mean reproductive unit counts. The 
smaller of the two periods occurred in February, while January 
and March also exhibited fairly high mean numbers of reproductive 
units. Following a rather low mean count in April, the largest 
peak occurred during May. The mean number dropped to two-thirds 
for June and July and one-third for August. The September mean 
was low, as was the mean of the reproductive units in the Tavares 
grove for November. A slight increase in the number of units was 
found in December . . 
In the Phillips grove (Table 3), the maximum mean of the 
reprodu tive units for Podoxyphium citricolum came during the month 
of January. The me n numbers dropped in February and were lowest 
in March. After a rise in April, the mean number of reproductive 
units was low for May, June, July and August. The mean number of 
reproductive units present in the sample '\Tas zero in November but 
rose in December. 
26 
Season 1 variations in means of the reproductive units of Podo-
xyphium citricolum varied considerably from the Tavares sample site to 
the Phillips sit . According to the t-test, pycnidial counts were 
sj_gnificantly differ nt between the two groves during the months of 
March, M Ys Jun , July and August (Table 3). In the Tavares grove, a 
minor peak occurred in late wint r, with a major peak in late 
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TABLE 3. A comparison of monthly mean reproductive units of 
Podoxyphium ci ricolum represented in sooty mold colonies on citrus 
leaves in two Central Florida citrus groves. 
Month 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 
Sampling sites 
Tavares 
Standard Sample 
Mean deviation size 
7.412 +15.504 51 
11.911 +18.044 45 
9 • 15 0 ·i-12 . 2 7 8 40 
3.317 + 8.745 41 
20.070 +17.084 57 
13.321 +14.270 53 
12.960 +11.375 50 
6.920 + 7.938 50 
1.542 + 2.982 48 
1.035 + 6.016 52 
4 200 + 7.095 35 
Phillips 
Standard Sample 
Mean · deviation size 
7.413 +13.753 46 
4.064 + 9.078 47 
2.957 " + 6.505 46 
5.550 " + 9.441 40 
1.000 + 7.071 50 
0.531 " + 2.450 49 
0.231 " + 1.287 39 
0.659 + 3.653 44 
0.000 + 0.000 33 
3.102 + 6.758 49 
. . . . . . . . . . . . . . . . . . . . . . . . . . . 
't' 
Testa 
0.1541 
1.5709 
.L 
2.3464" 
-1.5808 
4.4328* 
4.9471 1' 
5.8227* 
5.0377* 
1.4172 
0.8022 
a St dent's t distribution of means between sites and within months. 
* significant difference at 0.05. 
Figure 7 
A comparison of monthly mean reproductive units of Podoxyphium 
citricolum from citrus leaves in two Central Florida citrus groves. 
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spring or early and middle summer. However, in 
the only peak observed was during winter. Instea 
of the reproductive units during the spring and s 
e 
in the Tavares grovE7, __  there 'tvere extremely low means 
tive units for this fungus in the Phillips grove. 
f 
ceo 
the 95% confidence limits shown in Figures 8 and 9 o t e , ea 
ea 
a 
of the reproductive units, the only significant differe e e ee 
months in the Tavares grove is between May and Se te er 
November and July and September. In the Phillips gr 
difference was found between any of the months (F1g e 
Tripospermum roupalae.--The fourth fungus c se f 
Triposp ermum !oupalae, produces conidia upon t he 
conidia were chosen for counting as reproducti e 
fungus. As shown in Table 4, the mean of repro 
Triposp ermum roupa lae differs significantly 
March, May, June, July, August and November f or e 
In the Tavares grove there appeared to be one per 
mean reproductive units and another period of 
tive units (Figure 10). The maximum mean of 
for this fungus occurred during May and J une. 
low mean reproductive units for January tlr 
June, there was a drop in the mean of t he 
July and August with a low occurring i n th 
November nd December r epresent the s c 
of reproductive units. These means 
months of Hay and June, ho'tvever. 
3 
e 
Figure 8 
95% confidence limits on the means of the reproductive units for 
Podoxyphium citricolum from the Tavares grove sample site. 
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Figure 9 
95% confidence limits on the means of the reproductive units for 
Podoxyphium citricolum in the Phillips grove sample site. 
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TABLE 4. A comparison of monthly mean reproductive units of 
Tripospermum roupalae represented in sooty mold colonies on citrus 
leaves in two Central Florida citrus groves. 
Sampling sites 
Tavares Phillips 
Standard Sample Standard Sample 't' 
Month Mean deviation size Mean deviation size Testa 
Jan 4.176 + 4.698 51 9.891 +12.396 46 -1.3025 
Feb 2.822 + 3.346 45 3.681 + 7.022 47 -0.4856 
Mar 2.100 + 3.699 40 9.453 " +14.988 46 -2.7331* 
Apr 3.439 + 5.278 41 2.725 + 4.082 40 -0.3013 
May 8.070 + 8.239 57 0.620 " + 1.550 50 4.6873* 
Jun 8.075 +14.075 53 0.714 + 1.568 49 2.5736* 
Jul 6.260 + 4.218 50 0.333 " + 0.530 39 5.0123* 
Aug 5.680 + 8.984 50 0.568 + 0.873 44 3.1781* 
Sep 1.333 " + 2.225 48 
Oct 
Nov 6.254 +15.931 52 0.909 + 2.227 33 3.1084* 
Dec 6.171 " + 6.823 35 15.633 +20.587 49 -1.4236 
a Student's t distribution of means between sites and within month~. 
* significant difference at 0.05. 
Figure 10 
A comparison of monthly mean reproductive units of ·Tripospermum 
roupalae from citrus leaves in two Central Florida citrus groves. 
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In the Phillips grove the maximum mean reproductive units for 
· 'Triposperrnum roupalae occurred in December (Figure 10). Mean numbers 
of conidia for January were fairly high; about two-thirds of Decem-
ber's counts. The mean- for February was about one-third that for 
December with an increase in March to a mean equal to that for January. 
Means of the reproductive units dropped in May, June, July, August 
and November. 
The general trend in the means of the reproductive units of 
·Tripe permum ·roupalae varied considerably between the Tavares and 
Phillips grove. In the Tavares grove there were high means of the 
reproductive units during late spring, summer and early fall. In 
the Phillips grove, however, highs were found during the winter 
and early spring. From Figure 11, it appears that the only statistic-
ally significant difference is between the months of July and September 
for the Tavares grove. In the Phillips grove the differences between 
January and June and June and Decenber are significant (Figure 12). 
'Pithomyces atro-olivaceous.--The reproductive units counted 
for Pithornyces atro-olivaceo s were conidia, which are formed on 
the mycelium. Table 5 shows that there was significant difference 
according to the t-test at the .05 level between the groves sampled 
for the months of August and November. In both groves the trends 
of the mean number of reproductive units appeared to be similar 
(Figure 13). In the Tavares grove the highest means of the reproduc-
tive units occurred during the \-li.nter months of January and December 
with the means of the two being about equal. Following January, 
the means of the reproductive nits in the Tavares grove dropped 
Figure 11 
95% confidence limits on the means of the reproductive units for 
Tripospermum ·roupalae in the Tavares grove sample site. 
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Figure 12 
95% confidence limits on the means of the reproductive units for 
Tripospe1~um roupalae in the Phillips grove sample site. 
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TABLE 5. A comparison of monthly mean reproductive units of 
Pithomyces atro-olivaceous represented in sooty mold colonies on 
citrus leaves in two Central Florida citrus groves. 
Sampling sites 
Tavares Phillips 
Standard Sample Standard Sample 't' 
Month Mean deviation size Mean deviation size Testa 
Jan 6.902 + 6.940 51 2.870 + 3.364 46 1.6165 
Feb 3.267 + 5 967 45 2.489 + 3.175 47 0.3709 
Mar 2.125 + 4.598 40 2.804 + 4.015 46 -0.5877 
Apr 0.463 + 0.778 41 2.500 + 8.590 40 -1.7131 
May 0.509 ' + 1.594 57 0.600 + 0.881 50 -0.0690 
Jun 0.679 ' + 1.173 53 0.653 ' + 2.250 49 0.1682 
Ju1 1.900 ' + 1.832 50 2.231 ' + 2.334 39 0.1615 
Aug 0.880 + 3.952 so 3.955 ' + 3.270 44 -3.7987* 
Sep 3.563 + 3.684 48 
Oct 
Nov 4.281 ' + 3.536 52 1.879 + 3.765 33 5.7315* 
Dec 7~029 + 4.643 35 10.102 + 6.404 49 -1.0281 
. . . . . . . .. .. 
a Student 's t distribution of means between sites and within months. 
* significant difference at 0.05. 
Figure 13 
A comparison of monthly mean reproductive units of Pithomyces 
atro-olivaceous from citrus leaves in two Central Florida citrus groves. 
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0 
to near zero during April, May and June. There was a slight rise 
in the mean during July but the mean remained low in August. 
Population samples increased in September and November and reached 
a peak in December: 
46 
In the Phillips grove the trend was similar. The maximum 
number of mean reproductive units of Pithomyces atro-olivaceous were 
found during the month of December. Instead of being high in 
January as was the case for the Tavares grove, the mean dropped 
in January and remained fairly low through April, dropping to al-
most zero in May. The mean remained near zero in June but showed 
a steady increase in July and August. The mean of the repro-
ductive units decreased in November before the large increase 
in December. 
In the groves, counts of Pithomyces atro-olivaceous were 
high during the winter months and low during most of the other 
months of the year. The 95% confidence limits of the means for 
the months in the Tavares grove showed significant difference be-
tween January and April, May and June; bet~veen November and April, 
May and June; and between December and April, May and June (Figure 
14). In the Phillips grove there was significant difference between 
May and August and betw en December and January, February, Hay, 
Jun and July (Figure 15). 
From the information derived on the means of the reproductive 
units for all of the f ngi studied, there appears to be simi-
larity in the trends for certain fungi. For the two fungi 
Figure 14 
95% confidence limits on the means of the reproductive units for 
Pithomyces atro-olivaceous in the Tavares grove sample site. 
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Figure 15 
95% confidence limits on the means of the reproductive units for 
Pithomyces atro-olivaceous in the Phillips grove sample site. 
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which \vere near the sample sites (i.e. the Lisbon station for the 
Tavares grove sample site and the Orlando station for the Phillips 
grove sample site). The linear correlations for all of the data 
were lo\v \vith values_ ran-ging from • 01 to . 33 although visual observa-
tions suggest possible associations between these data. 
Figure 16 represents the mean monthly temperatures by month 
from the Orlando weather station. Temperature data from the Lisbon 
weather station closely followed that of the Orlando station and 
were not included. The mean monthly temperature rose from a low 
in February to a high in August. The mean monthly temperature dropped 
in November and then rose slightly in December. The mean temperature 
trend through the year appeared to be similar to the trend of the 
mean -reproductive unit counts for the imperfect fungi, Podoxyphium 
citricolum and Tripospermum _roupalae. Highs in the mean temperature 
appeared to correspond with highs in the mean number of reproductive 
units for these fungi. The high means of the reproductive units for 
Treubiomyces pulcherrimus and Trichomerium didymopanacis correspond 
to periods of lo\v mean temperature. 
Rai fall data are represented in Figure 17 and 18. Figure 
17 indicates the total amount of rainfall in inches for both the 
Lisbon weather station and the Orlando weather station. The amount 
of rainfall at the two stations was similar for most months. There 
was an increase in the total amount of rainfall at both groves in 
February and March over the previous month of January with a drop 
in the amount in April. The total rainfall increased in May and 
June in both groves with over twice as much rainfall recorded in 
July at the Lisbon station as for the same month at the Orlando 
.. , .. 
Figure 16 
Monthly mean temperature from a U. S. weather station located 
near the Tavares grove sample site which represents typical temp-
erature for both of the areas sampled. 
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Figure 17 
Total inches of rainfall per month for 1971-72 from the Tavares 
grove site (Lisbon sample station) and the Phillips grove site (Orlando 
sample station) as taken from the U. S. Dept. of Commerce weather data 
publication (1972). 
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Figure 18 
Total number of days of rainfall per month for 1971-72 from the 
Tavares grove sample site (Lisbon weather station) and the Phillips 
grove site (Orlando weather station) as taken from the U. S. Dept. 
of Commerce weather data pu lication (1972). 
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station. Rainfall measurements for the other months varied little 
from those recorded for January and May. The total number of days of 
precipitation from the two stations followed similar patterns; how-
ever, the Orlando stat~on experienced more days of rain in each month 
than did the Lisbon station. Although there was a fluctuation from 
month to month in the number of days of rainfall for each of the sta-
tions, the general trend was for an increase in the number of days of 
rainfall from November to March. Following a brief dry period in 
April, a peak in amount of rainfall was reached in July. Subsequent 
months showed a decreasing number of days of rainfall. High cor-
relations between the data obtained in this study and either amount 
of rainfall or the number of days of rainfall were not obtained. 
Increases in volume and frequency of free moisture mcy be correlated 
with the increase in production of conidia and pycnidia by Triposper-
~ oupalae and Podoxyph urn citricolum respectively. Low amounts of 
moisture per day in late fall with some increase through March is cor-
related with production of reproductive units of Treubiomyces .Pulcher-
rimus and Trichomerium didymopanacis. A dry period in April and May 
is correlated with a delayed increase in the reproductive unit num-
ber of the Fungi Imperfecti studied. Similar periods of low rainfall 
following large amounts of rain in July did not result in a build-up 
of a reproductive unit potential of Podo~yphium and Tripospermum 
since there was n dr p in conidia production after July. The winter 
per· od of r lativ ly low moisture appears to be correlated with the 
nw~er of mean r productive units of Pithomyces atro-olivaceouR. 
IV. DISCUSSION 
The monthly counts of fungal reproductive units present in 
the sooty mold colony on citrus leaves were highly variable. There-
fore, seasonal patterns of abundance were seldom statistically signi-
ficant. The variability may be explained by natural conditions 
and error inherent in the sampling methodology. Larger sample sizes 
may have revealed biological variations or seasonal patterns that 
were not apparent in my study. However, the data provided did reveal 
enough seasonal variation in abundance to suggest some pattern in 
the populations of the five fungi studied. 
The most serious discrepancy between the counts from the dif-
ferent sampling sites occurred with Podoxyphium citricolum and 
Tripospermum ro,palae. Peak production of reproductive units in 
these species for the Tavares grove occurred during the spring and 
summer reo1ths (May-July). In the Phillips grove during this period, 
both fungi occurred at very low levelse The other three species 
of fungi were at low levels in both the Phillips and Tavares groves 
during the summer months. It is possible that some factor other 
than g neral climatological conditions reduced populations of 
~odo~~phium citricolum and Tripospermum roupalae below their normal 
levels in he Phillips grove. An application of oil base pesticides 
in tl1e area of the Phillips grove either by intent or by wind drift 
may explain this reduction, since the oils would remove the fungi. 
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The management history of the Tavares grove is accurately kno-vm 
and the seasonal patterns for Podoxyphiurn citricolum and Tripospermum 
roupalae on this site are probably more representative. 
Excluding Pithom¥ces atro-olivaceous, the other four fungi 
fall into two basic seasonal patterns of spore production corresponding 
to the sexual state and the asexual state of the fungus. The two 
fungi whose reproductive units represented the sexual states of 
fungi, Treubiomyces pulcherrimus and Trichomerium didymopanacis, 
show a similar pattern in which populations are at a peak during 
the late winter or early spring months and drop decidedly during 
the summer. The asexua l species, Podoxyphium citricolum and Tripo-
spe~ r oupalae, on the other hand have highest populations during 
the late spring and summe r . 
Certa in aspects of climate and nutrient variations may be impor-
tant in causing these cyclic patterns of fungal reproductive units 
observed in t his study. Cyclic or seasonal patterns of airborne 
fungal spores have been previous ly demonstratede Ingold (1953) 
states that seasonal fluctuations of fungal spores in the air have 
been noted by many wor ers in this area of research. More recent 
studies discuss the significance of rainfall, temperaturet humidity 
and wind conditions on the basic fungal components of the air through-
out the year (Cammack, 1955; Kramer et al., 1959; Kramer and Pady, 
1960a, 1960b; Hirst and Stedman, 1963; Harvey, 1967; Waggoner, 
1962; IJammett and Manner, 1971; Ingold, 1971). These authors 
found large increas es in spore counts of sexu 1 and asexual states 
of fungi during rainy periods. Meredith (1962)) working with Pitho-
myces cbaratum, found that amounts of heavy rainfall and large numbers 
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of days of rainfall were important in increasing the number of fungal 
spores of this fungus in the air. Gregory (1973) and Waggoner (1962) 
found that airborne fungal spores increased with higher temperatures. 
Gregory (1973) di$cussed elaborate patterns of wind dispersal of 
fungal spores and suggested the importance of these patterns in 
maintaining or removing certain fungal spores from the air. 
The possible implication of these climatological factors and 
their seasonal variations affect as applied to the sooty mold colony 
of the phyllosphere can be seen from work by Ingold (1971). He 
states that raindrops pick up fungal spores from the air and carry 
them to the ground and plant parts. This suggests that species 
of Tripospermum roupalae and Pithomyces ~tro-olivaceous, which are 
potential m mbers of the air spora, could be deposited on the leaves 
of citrus during periods of high rainfall and temperature. Studies 
by Meredith (1962) on Pithomyces charatum show that the spores of 
this speci s are airborne and therefore would be affected by these 
climatological conditions. The pattern of seasonal variation in 
~ithomyces atro-olivaceous is different from that of the other fungi 
in this study, It is possible that this species is not a true resident 
of the sooty mold colony in the phyllosphere of citrus leaves. 
Spores deposi .ed on leaves may be t1ansient and possibly arise from 
anot er source. Pithomyces species have been reported as saprophytes 
on herbac .oud plants, especially grasses (Meredith, 1962; Di Menna, 
1971). "be source of Pithomyc s atro-olivaceous conidia in the 
air could be from fungi growing on frost killed grasses in the late 
fall. I suggest that the frequency of Pithomyces atro-olivaceous 
on the surface of the citrus leaves 1n the sooty mold colony during 
the winter could result from deposition of airborne conidia from 
dead grasses. Spores of many species of fungi, other than those 
used for this study, have been found trapped "tvithin the sooty mold 
colony on the citru~ _ Leaves Spores, tentatively identified as 
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Cladosporium sp., Hormisciella sp., Trichocladium sp. and Cladotrichum 
sp. have been found. These, however, have yet been found germinating 
within the sooty mold colony, suggesting some other substrate for 
their production such as may be the case for Pithomyces . A study 
by ~1artin and Juniper (1971) indicated that many fungal pathogens 
are carried by rain, air currents and vectors such as insects to 
the surface of the leaf. Many fungal spores could be deposited 
within the existing fungal colony or could be trapped by the natural 
trapping abilities of the leaf (Gregory, 1973; Fraser, 1937). 
It is possible that many spores would be washed from the leaves 
during periods of extreme rainfall, as suggested by Hirst (1959). 
However, in the case of the sooty mold colony, existing hyphal strands 
adhering to the leaf by a mucilaginous sheath (Reynolds, 197ld) 
would probably create extra lodging places for the airborne spores~ 
These s ores could then germinate on the surface of the leaf \vithin 
the sooty mold colony. Although the Ascomycetes in my study were 
only observed as sexual fruiting structures) it is important to 
point out that discharge of ascospores i to the air would also be 
affected by the same climatological factors mentioned. Forcible 
discharge mentioned by Ingold (1971) and Reynolds (1971b) for spores 
of Ascomycetes would be important in reinoculation of these fungi 
into the ooty mold colony via the air and possibly exhibit long 
term effects on the fungi of the colony such as initiation of colonies 
eventually leading to the production of sexual fruit bodies. In 
my study, Podoxyphium citricolum was observed to exude spores into 
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a drop of water at the tip of the pycnidium only during wetter periods 
of the year. 
Other factors of climate may influence the fungi present within 
the sooty mold colony. Yarwood (1959) stated that the microclimate 
at the surface of the leaf is not closely related to the meteorological 
factors influencing the air spora. Tarr (1972) suggested that cli-
matological data from a meteorologica l station are good, but do 
not give an accurate picture of the phyllosphere microclimate. 
Stott (1971) found no correlation between the gradual increase in 
spore numbers in the phyllosphere and temperature, relative humidity 
or precipitation. Other studies, however, indicated that seasonal 
variation in climate could be correlated with fungal seasonal varia-
tions (Barkman, 1958; Van Ardsel, 1965; Di Menna, 1971; Sinha, 
1971). In my study, however, there was low correlation between 
various clitna tological data and fluctuations in numbers of individual 
fungi. Still~ there appears to be some relationship between fluctua-
tions in temperature and the mean reproductive unit counts for 
yodo~Y-phium citricolurn and Tripospermum roupalae. No simple linear 
correlation (r) between rainfall patterns for summer months in Florida 
and patterns of grot.Jth of any of the fungi was detected. Typical 
correlation coefficient values ranged from .02 to .25. Combination 
of the total days of rainfall with amount of rainfall may possibly 
expla:ln the variation in fungal reproductive units present because 
of a poss ble increase in constant moisture conducive to fungal 
grov'r"t:h and development. An increase in total number of days of 
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rainfall was considered more significant than total amount of rainfall 
by Meredith (1962), who stated that long periods of rainfall decreased 
the spore content of the air. This was the case in my study for 
the fungi that produced conidia (Fungi Imperfecti). The lack of 
high correlati.on, however, between numbers of fungal reproductive 
units and rainfall data may be attributed to a difference in the 
amount and number of days of rainfall between the vleather stations 
and the groves. Weather observation stations would be necessary 
in the grove due to this extreme variation in rainfall which is 
typical in Florid . 
Insect exudates appear to play an important part in the nutrition 
of sooty mold fungi (Fisher, 1933; Fraser, 1937; Pugh and Buckley, 
1971; Reynolds~ 1975) and must be considered when explaining fungal 
growth. Simanton's (1975) study of homopteran insects producing 
honeydew showed seasonal patterns in the life cycle of these insectse 
He pointed put that during early su~~er and continuing until early 
fall, loney dew producing stages of the insect life cycle are most 
ab ndant. This coincides with the su~~er peaks of production of 
both asexual fungi studied, Po oxyphium citricolum and Tripospermum 
roupalae. The cyclic patter s of Trichomerium didyrnopanacis and 
s also coincide with the period of nutrient ......__ ___ _ 
d pletion follow ng the fall drop in insect occurrence. Other entomo-
logists have relie upon the dependence of sooty mold fungi to success-
fully study insect populations by monitoring the sooty mold colonies 
with infrared photography (Anon., 1972; Hart and Myers, 1968). 
Lack of correlation in this study between insect seasonal patterns 
and funeal r productive unit mean fluctuations is likely due to 
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the reliance on generalized data on insect populations for Florida 
in the absence of specific data from groves sampled. 
A third possible factor affecting fluctuations in some fungi 
in the sooty mold colony is the presence of leachates on the surface 
- . - · 
of the· leaves. This was suggested as a source of nutrients for 
Treubiomyces 2ulcherrimus by Batista and Ciferri (1962). Tukey 
(1971) points out that leaching is more prevalent during higher 
rainfall periods and on younger foliage. The increase in rainfall 
during the summer coupled with flushes of young growth would allow 
an increase in nutrients during the summer in Florida. It is possible, 
therefore, that an increase in nutrients in the phyllosphere is 
not only the result of insect exudates but also of leaf leachates. 
·This '""'tudy \vas conducted for the purpose of determining if 
seauonal patterns do exist in the sooty mold colony. It was felt 
that a reason for the seasonal cycling might be found. This, however, 
was not clearly defined. The presence of biological similarities 
between the fungal cycle and the climatological data and insect 
data observed in the field during the year does suggest that these 
may be a part of the reason for sooty mold colony seasonal variations. 
As was stated, the statistical methods used established no significant 
statistical correlation between the causal factors of cycling and 
the actual mean reproductive units of fungi found. This was more 
than li~ely due to the extreme variability of the data and small 
sample size. 
It is also possible that the factors affecting the seasonal · 
variations in the sooty mold colony are complex. Maybe no one factor 
influences the growth of the various types of fungi found in the 
eooty mold colony in the phyllosphere. Microclimate at the surface 
of the leaf is an in1portant para1neter not studied in this research 
project. Further studies should include a survey of all of the 
conditions that ca~ pussibly be measured in the phyllosphe~e. A 
more in-depth study of the sooty mold colony as it varies through 
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the yea r with monitors on all of the possible factors such as climate 
and nutrition would be the next step in an attempt to define the 
reasons for cyclic seasonal patterns of sooty mold fungi growth 
suggeste d by this res earch project. 
LITERATUPE CITED 
Anor. 1972. Applied infrared photography. Eastman Kodak Company. 
Pub1 H28. 89 pp. 
Barkeman, J. J. 
epiphytes. 
1958. Phytosociology and ecology of cryptogamic 
Van Gotern and Co., Netherlands. 628 pp. 
Batista, A. C. and R. Ciferri. 1962. The Chaetothyriales. Sydowia 
Ann. Mycol. 3:1-129. 
1963a. The sooty molds of the family Asbolisiaceae. Quad. 
Ist. Bot. Univ. Lab. Crittogam. Pavia 31:1-129. 
1963b. Capnodiales. Saccardoa 2:1-196. 
Blakeman, J. P. 1971. The chemical environment of the leaf surface 
in relation to growth of pathogenic fungi. Pages 255-268 in 
T. F. Preece and C. II. Dickirrson. Ecology of leaf surface micro-
organis~s. Academic Press, New York. 
Cammack, R. H. 1955. Seasonal changes in the three common constit-
uents of the air spora of Southern Nigeria Nature (London) 
176:1270-1272. 
Di Menna, M. E. 1971. The mycoflora of leaves of pasture plants in 
New Zealand. Pages 159-174 in T. F. Preece and C. H. DickinsonA 
Ecology of leaf surface micro-organisms. Academic Press, New 
York. 
Fisher, E. E. 1933. The 'sooty moulds' of some Australian plants 
R. Soc. Victoria Proc. 45:171-202. 
Fraser, L. 1937. The distribution of sooty mould funni and its rela-
tion to certain aspects of their physiology. Proc. Linn. Soc. 
N. S. W. 59:123-142. 
Gregory, P. H. 1973. The microbiology of the atmosphere. Halsted 
Press, New York. 377 pp. 
Hammet, K. R. W. and J. G. Manner. 1971. Conidium liberation in 
Erys"phe graminis. I. Visual and statistical analy i ·of spore 
trap records. Trans. Br. Mycol. Soc. 56:387-401 
Hart, W. G. and V. . M yers. 1968. Aerial color photography for 
68 
detection of populations of brown soft scale in citrus groves. 
J. Econ. Entomol. 63:617-624. 
Harvey, R. 1967. Air spora studies at Cardiff. Trans. Br. Mycol. 
Soc. 54:251-254. 
Hirst, J. M. 1959. - ~E~re liberation and dispersal. Pages 529-538 
69 
in C. S. Hatton. Plant pathology-problems and progress 1908-1958. 
Univ. of Wisconsin Press, Madison, Wise. 
_____ , and 0. J. Stedman. 1963. Dry liberation of fungus spores by 
raindrops. J. Gen. Microbial. 33:335-344. 
Ingold, C. T. 1953. Dispersal in fungi. Oxford Univ. Press, London. 
197 pp. 
1971. Funga l spores-their liberation and dispersal. Oxford 
Univ. Press, London. 302 pp. 
Kramer, C. L. and S. M. Pady. 1960a. Kansas aeromycology IX: Ascomy-
cetes. Trans. Kans. Acad. Sci. 63:53-60. 
and 1960b. Kansas aeromycology XI: Fungi Imperfecti. 
Trans. Kans: Acad. Sci. 63:228-238. 
_____ , , C. T. Rogerson and L. G. Ouye. 1959. Kans as aeromyco-
logy II: Mat erials, methods and general results. Trans. Kans. 
Aca d. Sci. 62:184-199. 
Last, F. T. 1.955. Seasonal incidence of Sporobolomyces on cereal 
leaves. Trans. Br. Myc. Soc. 38:221-239. 
M ti J T d B E J i 1970. The Cutl.cles of plants. ar n, . . an . . un per. 
Edward Arnold Ltd., Edinburgh. 347 pp. 
Meredith, D. S. 1962. . Some components of the air spora of Jamaican 
banana plantations. Ann. App. Biol. 50:577-594. 
Pugh, G. J. F. and N. G. Buckley. 1971. The leaf surface as a subs-
trate for colonizatj_on by fungi. Pages 431-446 in T. F. Preece 
and C. H. Dickinson. Ecology of leaf surface micro-organisms. 
Academic Press, New Yor~. 
Reynolds, D. R. 197la. Notes on capnodiaceous fungi. II: Lep t ocap-
nodium. Bull. Torrey Bot. Club 98:151-154. 
197lb. Wall s tructur e of a bitunicate ascus. Planta 98:224-
257. 
197lc. The sooty mold Ascomyce te genus Limacinula. Mycologia 
--63:1173-1209. 
197ld, On the us e of hyphal morphology in sooty mold Ascomy-
70 
cetes systematics. Taxon 20:759-768. 
1975. Observations on growth forms of sooty mold fungi. Nova 
Hedwigia Z. Kryptogamenkd. 26:179-194. 
----~' and B. R. Pohlad. 1974. Cyclic patterns of Central Florida 
sooty molds. - ~~oc. Iowa Acad. Sci. 81(1):12-13. 
Ruinen, J. 1956. 
losphere'. 
Occurrence of Beijerinckia species in the 'phyl-
Nature (London) 177:220-221. 
1961. The phyllosphere. Plant and Soil Science 15:81-109. 
Sherwood, M. and G. Carroll. 1974. Fungal succession on needles and 
young twigs of old-growth Douglas fir. Mycologia 66:499-506. 
Simanton, B. 1975. Populations of insects and mites in Florida citrus 
groves. Univ. of Fla. Inst. of Food and Agric. Sci. Press, 
In Press. 
Sinha, S. 1971. The microflora on leaves of Capsicum annum (L.) Watt. 
E. D., Solanum melongena L., S. tuberosun1 L. and Lycopersicon 
esculentum Mil l. Pages 175-190 in T. F. Preece and C. H 
Dickinson . Ecology of leaf surface micro-organisms. Lcademic 
Press, Ne\v York. 
Snedecor, G. W. and W. G. Cochran. 1971. 
State University Press, Ames, lo Na . 
Statistical methods. 
593 pp .. 
Iowa 
Stott, M. A. 1971. Studies in the physiology of some leaf sapro-
phytes. Pages 203-210 in T. F. Preece and C. H. Dickinson. 
Ecology of leaf surface micro-organisms. Acad emic Press, New 
York. 
Tarr) S. A. J. 
Ne'"' York. 
1972. Princ·ples of plant pathology. Winchester Press, 
632 pp. 
Tukey, H. B. Jr. 1971. Leaching of substances from plants. Pages 
67-80 in T. F. Preece and C. H. Dickinson. Ecology of leaf 
surface micro-organisms. Academic Press, Nffi York. 
U. S. Dept . of Commerce, National Oceanic and Atmospheric Adminis-
tration, Environmental Data Service. 1972. Climatological Da ta 
(Florida). 168 pp. 
Van Ardsel, E. P. 1965. Micrometeorology and plant disease epidem-
eology. Phytopathology 55:945-950. 
Waggoner, P. E. 1962. Weather, space, t me and chance of infection. 
Phytopathology 52:1100-1108. 
Webb r) H. L. 1897. Sooty mold of the or nge and its treatment. U. 
S. D. A. Veg. Phys. Path. Bull. 13:1-34. 
71 
Yarwood, C. E. 1959. Microclimate and infection. Pages 548-556 in 
C. S. Hatton. Plant pathology-problems and progress 1908-1958. 
Univ. of Wisconsin Press, Madison, Wise. 
